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PREFACE  TO  SEAMPLAN 


VOLUME  II 


GENERAL  COMMENTS  — ALL  VOLUMES 


The  Surface  Environment  a^nd  Mine  Planning  System  (SEAMPLAN)  reported 
in  three  volumes,  provides  an  integrated  computerized  planning  system  for 
evaluating  surface  coal  recovery  consistent  with  minimal  impact  on  envi- 
ronments . 

The  SEAMPLAN  System  was  developed  on  a Hewlett  Packard  minicomputer 
using  the  RTE  III  operating  system  in  a highly  modular  software  design. 

Its  organization  revolves  around  three  functional  modules: 

1.  Data  Entry  and  Review 

2.  Production  Analysis 

3.  Impact  Analysis. 

Each  module  is  divided  into  programs  which  combine  a user’s  knowledge 
gained  through  interactions  with  Information  found  in  standard  data 
files.  In  this  way  an  unfamiliar  user  is  quickly  provided  with  a broad 
range  of  computing  capability. 

In  addition  to  Roman  numeral  designation,  all  three  volumes  in 
SEAMPLAN  are  given  Arabic  numeral  "1".  Future  reports,  which  may  be 
new,  but  related  material,  or  elaborations  and  other  extensions  of 
current  material,  will  be  given  sequential  Arabic  numeral  designations. 

Volume  I (OVERVIEW)  is  a stand  alone  manual  giving  a history  of  sur- 
face mining  and  a sequence  of  operational  events  relating  to  development 
of  a mining  plan.  It  describes  acquisition,  adaptation,  and  development 
of  applications  software  necessary  for  efficient  operation.  A user  is 
assisted  in  selecting  equipment  for  setting  up  a project  and  applying 
the  programs. 

Volume  III  (SEAMPLAN  Program  Documentation)  is  a stand  alone  manual 
giving  a broad  overview  of  all  programs  in  SEAMPLAN  via  data  sheets. 
Program  descriptions  and  logic  are  included  where  necessary.  Data  lay- 
out charts  show  types  of  data  used  in  programs  and  how  they  are  input 
and  output.  An  appendix  contains  system  routines. 
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GENERAL  COMMENTS  — VOLUME  1 1 


The  major  purpose  of  the  USER’s  GUIDE  is  to  give  step-by-step  pro- 
cedures for  a manager,  engineer,  or  interested  user  to  successfully 
apply  SEAMPLAN  without  the  benefit  of  selecting  and  setting  up  a system 
or  without  in-depth  knowledge  of  the  mathematical  modeling  and  computa- 
tional logic  internal  to  it. 


user's  guide  map 


*HIERARCHIAL  OVERVIEW  OF  SEAMPLAN 
USER  INTERACTION -- DEPICTS  BRANCH- 
ING ROUTINES  EXPANDING  TO  MANY 
HUNDREDS  AND  THEREFORE  ARE  NOT 
SHOWN. 


WHILE  REPONSE  / 0 DO 


SEAMPLAN  MENU  (1,2, 3,0) 
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GETTING  STARTED 


SECTION  I 


To  begin,  a user  must  have  access  to  certain  computer  equipment, 
functional  and  on-line.  The  equipment  may  be  identical  to  those  used 
by  SEAMPLAN  developers  at  Montana  State  University  or  their  equivalent. 


Table  1.  — SEAMPLAN  Hardware/ Sof tware 


USER  NEEDED 
EQUIPMENT 

SEAMPLAN  DEVELOPER'S 
EQUIPMENT 

Minicomputer 

HP-9600  Series  w/RTE  III 

Large  Disc  Drive 

HP-7920  Disc  Drive 

No  Equivalent 

Tektronix  4014-1  Graphics  Terminal 

Hard  Copy  Unit 

Tektronix  4631  Hard  Copy  Unit 

Digitizer 

Tektronix  Digitizing  Tablet 

Large  Drum  Plotter 

CALCOMP  1037-40  inch  Drum  Plotter 

EXECUTING  SEAMPLAN 


Hit  carriage  return  key  on  the  Tektronix  4014.  "09>"  will  appear, 

which  is  a Hewlett-Packard  prompt  symbol.  Correct  prompts  must  precede 
commands . 

Following  and  on  the  same  row  with  "09>",  type  "RU,  FMG"  and  hit 
carriage  return.  The  file  manager  program  will  run. 

A colon  prompt  should  appear  in  the  second  row  as  a result  of  the 
previous  carriage  return.  Now  type  the  command  "iPLANIT",  and  the  ter- 
minal scope  should  display: 

"09  > RU,  FMG 
j_:  PLANIT" , 

where  prompts  are  underlined. 

Hit  carriage  return  key,  which  activates  other  system  commands 
through  PLANIT",  and  the  SEAMPLAN  program  activates  by  displaying 
a "menu"  on  the  terminal  scope  (Figure  1). 
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Select  a desired  option  and  execute  by  typing  option  number  followed 
by  hitting  carriage  return.  A second  level  menu,  or  query  for  input  data, 
will  be  displayed.  For  instance,  if  option  1 was  selected,  the  second 
menu  display  would  be  that  shown  in  Figure  2.  Programs  in  menu  2 may  now 
be  accessed  to  input,  analyze,  manipulate,  and  display  various  types  of 
mining  information. 

Option  2 will,  as  the  menu  in  Figure  2 implies,  allow  access  to  pro- 
grams that  perform  interactive  pit  layout  and  to  a variety  of  models  for 
analyzing  the  entire  mining  design. 

Typically,  as  shown  in  Figure  1,  data  entry  and  review  precedes  pro- 
duction analysis,  since  data  are  automatically  carried  from  the  first  ac- 
tivity forward.  Production  analysis  may  begin  first,  however,  provided 
necessary  data  files  were  previously  initialized. 
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DATA  ENTRY  AMD  REVIEW 


SECTION  II 


Data  Entry  and  Review  option  menu,  (Figure  2)  became  available  after 
selecting  option  1 of  the  SEAMPLAN  executive  option  menu,  (Figure  1) 
followed  by  a carriage  return.  Numerous  programs  are  accessible  through 
data  entry  option  by  first  selecting  one  of  the  initial  11  options  shown 
in  Figure  2,*  hitting  carriage  return,  and  then  selecting  one  of  several 
options  given  on  yet  another  sub-menu  (options  1-3  are  complex  with  con- 
siderable branching  to  other  menus;  options  4-11  simply  query,  no  branch- 
ing) . 


Computer  queries  and  option  branching  form  a pattern  to  expect 
throughout  this  guide.  The  procedure  is  always  the  same  - select  an 
option  code  number,  type  in  number,  hit  carriage  return  and  await  dis- 
play information  and  corresponding  queries.  See  USER'S  GUIDE  MAP,  page 
iv. 


MAP  DIGITIZING 

(Invoked  by  option  1,  data  entry  menu;  see  Figure  2) 


Gives  three  options  (Figure  3)  for  inputting  data  via  digitizing 
tablet,  where  data  are  distinguished  by  digitizing  methods  and  applica- 
tions: 


1.  Continuous  data  — input  and  stored  as  connected  vectors.  Examples 
are  contours,  roads,  boundaries,  and  line  data  associated  with  maps, 

2.  Random  XYZ  type  data  — usually  input  to  other  programs  written 
to  construct  uniform  grids  in  response  to  another  option  from  data  entry 
menu.  X and  Y represent  planar  point  locations;  Z,  point  elevations, 

3.  Point  data  — located  and  tied  to  single  points  on  map.  Examples 
are  farm  houses,  wells,  and  archeological  sites. 

Digitizing  options  separate  into  three  categories: 


* By  answering  a query  with  0 (TERMINATE),  which  is  the  12th  option, 
user  will  leave  data  entry  menu  and  simply  back  up  to  SEAMPLAN 
executive  menu.  This  pattern  holds  throughout. 
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1.  Responses  to  requests  for  input  (no  digitizing) 

2.  Option  branching  to  more  menus  (no  digitizing) 

3.  Command  entry  (for  digitizing,  enter  via  terminal  keyboard 

to  control  program  activity) . 


CONTINUOUS  DATA  DIGITIZING 


Select  option  1 from  map  digitizing  menu  (Figure  3) . Figure  4 will 
be  displayed  on  terminal. 

Answer  each  input  query: 

1.  Name  the  file  under  which  continuous  data  will  be  placed 

2.  Give  cartridge  number  under  which  file  will  reside  (normally, 

user  has  an  assigned  cartridge) 

3.  Build  a new  file  or  add  on  to  an  existing  file 

4.  Name  job  or  other  header  information,  which  will  be  placed 

in  file  with  data 

5.  Select  an  integer  value  for  contour  intervals  (program  will 

draw  all  contours  that  are  multiples  of  chosen  integer; 
e.g. , an  input  of  1 ensures  that  all  contours  are  drawn, 
an  input  of  2 would  show  contours  with  even-valued  eleva- 
tions on  the  terminal) 

6.  Select  a scale  factor  for  the  map  (if  in  doubt,  trial  and 

error  will  succeed) 

7.  Enter  a minimum  X and  Y value  separated  with  a comma  (again, 

trial  and  error  may  be  desirable) . 

The  final  answer  to  above  queries  followed  by  a carriage  return  will 
clear  screen  and  begin  new  queries  one  at  a time  for  orienting  the  map: 

1.  Locate  on  map  with  digitizing  pen  or  cursor  the  lower  left 

hand  corner 

2.  Locate  on  map  with  digitizing  pen  or  cursor  the  lower  right 

hand  corner 

3.  Locate  Y axis  range  by  touching  pen  or  cursor  to  any  point 

along  upper  edge  of  map. 

Clear  screen  as  before  and  menu  shown  in  Figure  5 will  appear  (all 
subsequent  map  routines  for  orientation  are  identical) . Each  record  type 
(key  1-5)  yields  a different  vector  format  on  map.  Notice  that  this  menu 
also  allows  user  to  terminate  the  digitization  process  (key  0) , close  and 
purge  current  file  (key  7),  or  simply  show  what  current  map  looks  like 
(key  6),  assuming  a map  was  started. 
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Selection  of  record  types  1-5  will  clear  screen  and  issue  a request 
for  input.  Record  type  1 (contour)  requires  an  elevation  from  the  map. 
Following  this,  or  if  record  type  2-5  is  chosen,  the  computer  will  print 
out  operating  instructions  for  digitizing  (Figure  6) . Now,  enter  one  of 
four  commands  through  keyboard  terminal  and  location  data  through  digiti- 
zing pen  or  cursor  (when  digitizing,  data  are  displayed  in  lower  right 
hand  corner  of  screen) : 

1.  "E"  command  stops  current  record  and  starts  another  record 

of  same  type 

2.  "T"  command  stops  current  record  and  lets  user  choose  a new 

record  type  (typically,  digitize  all  contours  first,  then 
digitize  roads  and  other  type  data  as  desired) . This  com- 
mand also  called  up  Figure  5 automatically  from  which  user 
may  select  option  #6  (show  the  map  to  date),  which  in  turn 
calls  up  Figure  7.*  Again,  new  options  will  apper  on  the 
screen  (Figure  7) : 

2.1.  A hardcopy  may  be  generated 

2.2.  Small  areas  may  be  enlarged  (zoomed)  for  better  reso- 

lution by  entering  new  boundaries  with  crosshairs 
(cursor) 

2.3.  Contour  intervals  may  be  changed  on  unzoomed  map  by 

first  answering  Y (yes) , then  answering  interval 
query  with  desired  size.  Map  will  be  redrawn  for 
selected  new  contour  interval. 

3.  "Q"  command  stops  digitizing  process  and  saves  current  map 

in  a file 

4.  "S"  command  shows  map  to  date  as  explained  previously. 


RANDOM  DATA  DIGITIZING 


Select  option  2 from  digitizing  menu  (Figure  3) . Figure  8 will  be 
displayed  on  terminal.  The  computer  responds  by  requesting  a file  name 
in  which  data  are  stored.  Next,  user  is  asked  to  digitize  each  of  the 
left  and  right  hand  corners  of  the  map  as  well  as  a point  along  the  upper 
edge  of  the  map  in  order  to  orient  the  map  on  the  tablet.  The  user  will 
respond  to  each  request  individually  by  locating  either  the  digitizing 
cursor  or  pen  at  the  appropriate  point  on  the  map. 


* Sole  procedure  for  viewing  a current  continuous  data  map  in  a file 
during  digitizing  process. 
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Figure  6“.-- Digitizing  Commands  Following  Selection  of  Record  Type. 
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Figure  7.  — "Show  The  Map  To  Date"  Display. 
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Following  map  orientation  the  CRT  screen  will  be  cleared  and  the  user 
will  be  asked  to  input  a starting  elevation  which  will  be  associated  with 
X,  Y points  to  be  located  using  the  digitizing  tablet  and  the  cursor. 

Once  an  elevation  is  entered  followed  by  CR,  the  screen  will  once  again  be 
cleared  and  the  random  data  digitizing  options  for  instructions  are  pre- 
sented on  the  screen.  At  this  point,  digitizing  normally  begins  with  the 
user  locating  X,  Y pairs  by  depressing  the  pen  or  cursor  on  the  map. 

While  digitizing,  points  will  be  drawn  on  the  screen  as  shown  in 
Figure  9. 

Furthermore,  the  user  may  enter  the  commands  shown  via  the  keyboard 
as  appropriate.  The  user  may,  as  shown,  delete  random  points  which  were 
entered  one  step  previously,  terminate  the  current  elevation  and  therefore 
specify  a new  elevation,  or  purge  the  file  currently  being  built  (this 
would  result  in  a restart  of  the  random  data  digitizing),  or  show  the 
points  currently  associated  with  the  random  data  file.  He  may  also  ter- 
minate with  a closing  and  saving  of  the  random  data  file  by  electing  the 
"Q"  option. 

Once  the  user  has  selected  one  of  the  options  he  may  digitize  points 
until  another  command  is  entered  via  the  keyboard.  Should  the  user  de- 
cide. to  show  the  location  of  all  the  points  that  have  been  digitized,  a 
display  similar  to  Figure  10  will  be  presented  on  the  Tektronix  screen. 

This  figure  shows  the  location  and  Internal  numbering  of  all  points 
entered  to  date. 

Once  the  display  is  completely  drawn  the  user  is  asked  to  indicate 
whether  a line  printer  listing  of  elevations  is  desired.  Such  a listing 
and/or  the  CRT  point  display  will  be  helpful  later  during  grid  construction. 

Should  he  not  wish  a line  printer  listing  of  the  X,Y,Z  point  sets, 
or  following  such  a listing  the  user  will  be  requested  to  strike  any  key- 
board character  to  continue.  At  this  point  he  will  be  once  again  presented 
with  the  operating  instructions  and  the  allowable  commands  list  shown  in 
Figure  9.  Operation  will  continue  in  this  manner  until  terminated  with 
the  file  saved  ("Q")  or  write  it  purged  ("P"). 


POINT  DATA  DIGITIZING 


Should  the  user  elect  to  digitize  points  data  will  begin  following 
clearing  of  screen.  As  each  question  shown  in  Figure  11  is  written  to 
the  screen,  the  user  must  enter  an  appropriate  answer  following  the  ques- 
tion mark.  In  response  to  the  first  question,  a file  name  for  the  point 
data  file  less  than  or  equal  to  six  characters  long  must  be  entered. 

The  second  question  asked  the  user  which  cartridge  the  file  should 
be  placed  on.  This  will  typically  be  the  user’s  cartridge  number.  Next, 
the  user  is  asked  to  enter  a job  name  which  will  identify  this  particular 
set  of  data,  followed  by  a request  for  a symbol  table  name. 
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Figure  9.--  Random  Data  Digitizing  Interaction. 
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Figure  10. — "Show  The  Map  To  Date"  Display  For  Random  Data. 
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Figure  11. — Point  Data  Initialization  Queries. 
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The  symbol  table  name  expected  is  again  a legal  RTE  III  file  name. 
This  file,  if  it  exists,  contains  digitized  symbols.  These  symbols  may 
also  be  digitized  as  part  of  the  point  data  entry  process.  A symbol  is 
associated  with  each  point  as  it  is  entered.  These  symbols  represent 
broad  point  data  categories.  Following  specification  of  the  symbol  file 
name,  the  cartridge  number  on  which  this  file  resides  must  also  be  en- 
tered. Again,  this  will  usually  be  the  user's  cartridge  number. 

Next,  the  user  is  asked  to  enter  the  scale  factor  of  the  map.  Ap- 
propriate values  will  vary  with  maps  but  the  units  are  in  map  units  per 
inch.  Hence  a mile  per  inch  scale  would  be  entered  as  one  mile  per  unit. 
The  final  question  asks  the  user  to  specify  minimum  X and  Y values  of 
the  map.  Again,  this  simply  locates  the  origin  of  the  map  and  is  used 
to  determine  the  location  of  the  points  which  are  digitized  relative  to 
that  origin. 

Following  entry  of  the  location  of  the  origin  the  screen  will  be 
cleared  and  the  user  will  be  asked  to  turn,  to  digitize  lower  left  hand, 
lower  right  hand,  and  upper  edge  points  for  the  map.  In  response  to  each 
of  these  questions  the  user  will  press  the  pen  or  digitizing  cursor  once 
at  the  appropriate  location.  These  three  points  are  used  to  orient  the 
map  relative  to  the  digitizing  tablet  surface. 

Once  this  orientation  has  been  accomplished,  the  user  will  be  pre- 
sented with  a point  data  operations  menu.  This  menu,  shown  in  Figure  12 
allows  the  user  to  add  points  to  the  map,  draw  the  map  to  date  including 
all  symbols,  or  some  symbols,  create  or  edit  the  symbol  table,  purge  the 
file  currently  being  built,  or  terminate  the  point  data  digitization 
process. 

if  a general  point  data  category  is  to  be  added  or  modified,  the 
user  will  be  presented  with  a menu  shown  in  Figure  13.  He  may  create 
a new  identification  symbol,  display  any  of  the  existing  symbols,  dis- 
play symbols  in  the  table;  or  he  may  output  the  symbol  table,  where  the 
ymbol  table  is  the  equivalent  of  asking  for  the  name  of  the  file,  which 
was  specified  initially.  This  file  contains  previously  digitized  sym- 
bols, currently  available. 

Should  the  user  wish  to  enter  a new  symbol  the  screen  will  be  cleared 
and  two  input  requests  will  be  presented  to  him  following  selection  of  op- 
tion 1.  The  machine  first  asks  what  symbol  number  he  wishes  to  enter. 
Should  the  user  not  know  numbers  of  existing  symbols  at  this  point  he  may 
always  enter  a 1.  Software  for  adding  symbols  to  the  table  will  not  allow 
him  to  duplicate  existing  symbols.  Hence,  entering  a 1 will  guarantee 
checks  by  the  program.  The  second  response  which  the  user  must  provide 
is  an  identification  for  the  symbol,  or  point  data  category.  Next,  if  he 
specified  a symbol  number  which  already  exists  in  the  file  he  will  be 
asked  if  he  wishes  to  move  the  symbol  to  a different  location  in  the  file, 
replace  the  existing  symbol  in  the  file  with  a new  one,  or  not  add  the 
new  symbol  to  the  table. 

When  a satisfactory  number  for  the  symbol/category  has  been  found, 
the  user  must  define  an  area  on  the  tablet  for  digitizing  the  "master" 
symbol.  This  is  oriented  in  a manner  similar  to  the  map  itself  and  must 
be  separate  from  the  map  area  and  is  only  used  to  describe  the  configura- 


7 


•'  W'.i 


c 

(D 


XXX  XXX 


CL 

< 


UJ 

I 

h- 

g 

-J 

o 

CD 

>- 

cn 


UJ 

!5 

0 

CL 

< 

s 

UJ 

1 


yi 

CD 
-J  >• 
§H 

(n  (r 

QC 
3 
U 


UJ 

X 


r-  UJ 

O 

UJ  UJ 


to 


ol 

9 ^ 

< a 


UJ 

H 

< 


UJ 

o 


UJ  QC 


X 

O 


3 

0. 


I I 
— (VJ 


I I 
ro  5J- 


z 
o 

H 
CL 
O 

K 
U 
UJ  UJ 

^ui 

z w 

1 ■: 

?? 

G 


o> 

c 

IM 


o> 

Q 


o 

o 

Q 


c 

'o 

0. 


I 

I 


V. 


I 

7a 


n,\ 

..  Ik 

Q O 


' ' 'U^ 

■ 


'} 


■I 


M 'H 

K' 

*4ii 

-M' 

A'3"' 


XXXXXXXXXXXXXiXX 


3 

z 

UJ 


LU 

2 

< 


LJ 

h- 

< 

o 


UJ  UJ  ~ 


7% 


CO 


o 

q: 

UJ 

CO 

3 


H 

M 

X 

X 

X 


o 

|o 

UJ 

2 < 

Z — 
UJ  o 


CD  CO 

< 


!ilo 

o “ 


W _ UJ 
^ CO 


2 


IT 

3 2 

OQ  ^ 

< 


UJ 


>- 

< 


UJ 

q: 


UJ 

X 

h- 


UJ  UJ 


3 
D O 


^ ^s,  y*»  XV 


I I 

r-  OJ 


I I 

ro  ^ 


UJ 

0 
X 
3 
CL 

XV 

1 

JO 


2 

X 

UJ 

I- 

XV 

I 


h- 

(L 

0 

XV 

1 

K 

3 

X 

z 


Figure  13. — Map  Symbol  Manipulation  Menu. 
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tion  of  the  symbol.  Once  the  symbol  area  has  been  defined,  the  user  will 
again  be  presented  with  some  operating  instructions  which  allow  commands 
to  be  entered  via  the  keyboard  to  terminate  digitizing  of  the  symbol  and 
return  to  the  symbol  manipulation  menu  or  abandon  the  symbol  and  return 
to  the  more  general  point  data  option  menu. 

The  symbols  which  are  digitized  will  be  displayed  on  the  screen 
as  they  are  digitized  in  screen  or  tablet  coordinates  and  be  a maximum 
of  ten  points  long.  Hence,  the  user  must  keep  his  symbols  fairly  simple 
in  design.  Following  digitization  of  the  symbol  itself,  the  user  will 
be  asked  whether  or  not  he  wishes  to  display  it.  An  answer  of  "yes" 

(Y)  to  this  question  will  result  in  a full  sized  drawing  symbol  on  the 
Tektronix  CRT.  Following  a "no"  answer  or  symbol  display  (N) , one 
merely  strikes  any  keyboard  letter  to  continue  the  operation  through 
presentation  of  the  symbol  manipulation  menu.  This  interaction  is 
similar  to  that  resulting  from  selecting  of  2 in  the  symbol  manipula- 
tion menu-display  of  symbol.  Here  the  user  is  asked  for  a symbol 
number  which  will  be  displayed  and  then  again  must  enter  any  keyboard 
character  to  continue. 

Option  3 on  the  symbol  manipulation  menu  will  result  in  sequential 
display  of  all  symbols  together  with  their  identifiers,  five  at  a time  on 
the  screen.  At  the  end  of  each  display  of  five  symbols  the  user  must 
answer  yes  or  no  (Y  or  N)  to  indicate  whether  he  wishes  to  continue  dis- 
playing symbols  until  the  end  of  the  symbol  table  is  reached.  Option  4 
on  the  symbol  manipulation  menu  results  in  a very  simple  output  of  the 
current  symbol  file  name  with  a keyboard  character  to  continue  and  return 
to  the  same  menu. 

Should  the  user  select  option  1 on  the  point  data  menu  (see  Figure 
12),  he  must  then  input  a symbol  number  following  which  the  program  will 
output  the  identification,  ask  the  user  for  a yes-no  response  as  to 
whether  this  symbol  is  correct,  and  then  request  a 20  character  indivi- 
dual point  identification  string.  This  identification  string  identifies 
a particular  instance  of  a symbol  or  a category  of  point  data  in  the  file. 
Following  the  identification  of  this  particular  symbol  the  user  will  di- 
gitize its  board  at  the  location  on  the  map  by  placing  the  cursor  or  the 
digitizing  pen  on  a digitizing  board  at  the  location  for  that  point.  The 
user  will  then  be  asked  if  this  location  and  symbol  are  all  right.  If 
they  are  (a  Y response  is  entered) , he  will  return  to  the  point  data 
menu  (Figure  12) . 

Option  2 on  this  menu  results  in  a display  of  subsets  of  points  and 
symbols  entered.  If  this  option  is  elected,  the  user  must  respond  to  a 
question  to  show  all  symbols.  If  a yes  (Y)  answer  is  entered  here,  he 
will  next  be  asked  to  locate  with  the  cursors  the  area  for  which  all  of 
the  symbols  should  be  shown.  Following  display  of  the  symbols  in  this 
area  he  will  be  asked  whether  or  not  he  wishes  a line  printer  listing  of 
all  of  the  symbols  and  here  he  must  respond  with  a yes  or  no  (Y  or  N once 
again) . The  line  printing  listing  itself  consists  of  X,  Y locations  for 
all  symbols  together  with  their  general  category  (symbol)  identifier  and 
individual  or  instance,  identifiers.  Also  included  are  maximum/minimum 
values  for  the  X and  Y locations. 
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Under  this  option,  and  elevations  should  the  user  not  wish  to  specify 
all  symbols  for  display,  he  may  specify  one  at  a time  symbols  to  be  dis- 
played by  number  as  well  as  the  areas  for  which  the  symbol  should  be  dis- 
played. That  is,  each  symbol  selected  for  display  on  the  map  may  have  its 
own  area  over  which  it  should  be  displayed.  The  area  for  several  symbols 
which  will  be  displayed  may  or  may  not  overlap,  etc.  Similar  to  the  case 
where  all  symbols  are  displayed  simultaneously,  following  specification  of 
individual  symbols  and  their  display  areas  the  user  is  asked  whether  or 
not  he  wishes  a line  printer  listing  of  all  the  symbols  used. 

After  responding  to  the  LP  listing  option,  the  screen  is  cleared  and 
symbols  are  located  on  a blank  map.  At  the  end  of  each  drawing  of  sub- 
sets of  symbols  or  total  symbol  sets,  the  user  is  asked  whether  he  wants 
to  create  another  drawing  or  not.  By  entering  an  affirmative  (Y)  response 
to  this  question,  user  may  return  to  the  subset  definition  interaction 
(Figure  14)  and  create  an  entirely  different  display. 


COREHOLE  DATA  ANALYSIS 

(Invoked  by  option  2,  data  entry  menu:  see  Figure  2) 


Before  user  elects  option  2 on  data  entry-review  option  menu,  se- 
parate files  containing  drilling  results  must  be  available.  These  files, 
one  for  each  drill  hole,  must  be  in  an  Internal  binary  format.  User  is 
referred  to  program  documentation  section.  Volume  III,  for  a description 
of  format  of  records  in  this  file  and  associated  construction  procedures. 

Assuming  the  above  steps  accomplished.  Figure  15  will  be  given  on  the 
screen.  User  may  elect  to  perform  cross-section  analysis  or  correlation 
type  analysis  based  on  parameter  values.  For  cross-section  analysis,  user 
will  be  interested  in  constructing  vertical  cross-sections,  possibly  show- 
ing toxic  zones  of  a particular  parameter.  In  the  second  case,  boundaries 
identifying  zones  or  beds  will  be  identified  interactively  by  user.  These 
beds  will  then  be  correlated  between  individual  coreholes  under  complete 
user  control.  Procedures  follow. 


CROSS-SECTION  ANALYSIS 

(Invoked  by  option  1,  corehole  analysis  option  menu:  see  Figure  15) 

First,  user  is  queried  for  a parameter  I.D.,  which  consists  of  an 
alphanumeric  character  string  identifying  a particular  parameter  avail- 
able from  corehole  analysis  and  stored  in  the  raw  data  files. 

Second,  user  must  input  number  of  coreholes  desired  for  analysis 
(currently<  10) , then  specify  a range  of  X and  Y values.  The  X and  Y 
ranges  locate  coreholes  relative  to  the  origin  of  a map,  which  may  or 
may  not  exist  in  the  computer. 
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Figure  14.  - Show  the  Map  to  Date"  Display  for  Point  Data. 
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Third,  user  decides  whether  to  use  locations  associated  with  coreholes 
in  the  file  or  enter  arbitrary  locations  relative  to  ranges  of  X and  Y’s 
previously  entered  by  cursors.  A proper  response  is  "1"  or  "2"  followed 
by  carriage  return.  If  #2  is  selected,  the  screen  will  be  cleared,  an  out- 
lined box  with  X-Y  ranges  appears,  and  cursors  will  be  presented  on  the 
screen.  User  should  position  the  cursors  and  strike  a keyboard  character 
to  locate  each  corehole  on  the  bounded  area  shown. 

After  locating  all  coreholes  with  cursors  or  arbitrary  selection, 
answer  query  to  input  file  names  for  each  corehole  (as  mentioned  earlier 
these  files  must  have  been  compatible  data  format).  Conclude  specifica- 
tions by  identifying  an  output  file  name.  Figure  16  shows  typical  speci- 
fications for  cross-section  analysis. 

Since  the  file  output  by  this  program  is  in  alphanumeric  X-Y-Z  format, 
the  question  asks  user  to  specify  an  ASCII  input  file  name.  This  termino- 
logy is  used  because  this  file  may  be  used  as  input  for  grid  construction. 
The  grid  constructed  from  this  file  allows  user  to  view  coreholes  project- 
ed along  a vertical  plane  and  to  see  variations  in  values  of  selected 
parameter  on  this  plane.  To  accomplish  this,  select  the  grid  construction 
option  on  the  Data  Entry  Review  menu  followed  by  contour  display. 

In  addition  to  the  creation  of  an  XYZ  data  file  in  the  interval  for- 
mat, the  program  will  also  output  on  the  line  printer  a summary  of  the 
analysis  performed.  Since  any  grid  construction  which  follows  requires 
an  awareness  of  the  file  parameters,  save  the  line  printer  information. 

An  example  is  shown  in  Figure  17.  For  the  purpose  of  creating  a file, 
the  "scaled  X"  coordinates  are  used  as  random  "X"  values,  whereas  sampling 
interval  elevations  are  used  as  "Y"  values  and  parameter  values  themselves 
are  used  as  "Z"  values. 


PARAMETER  BASED  CORRELATION 

(Invoked  by  option  2,  core  analysis  selection  menu:  See  Figure  15) 

First,  the  user  is  queried  for  an  alphanumeric  parameter  key  or  iden- 
tifier, which  must  be  compatible  with  those  entered  in  original  raw  core- 
hole data  format  files. 

Second,  the  user  must  input  a range  of  planar  location  coordinates, 
then  specify  a file  name  for  the  first  raw  corehole  data  file  to  be  used 
in  the  correlation  process.  Typical  responses  are  shown  in  Figure  18. 

Third,  after  specifying  all  required  data,  interaction  begins,  allow- 
ing user  to  identify  zone  boundaries  (beds)  of  critical  values  for  para- 
meter selected.  Sepcify  critical  values  to  identify  beds  with  three 
options: 

1.  use  cursors  on  the  screen 

2.  input  a numerical  value  through  keyboard 

3.  do  not  change  existing  critical  values  (relevant  if  there  is 

a state  mandated  critical  value  for  parameter,  or  a critical 
value  identified  for  a previous  corehole) . 
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CROSS  SECTION  EVALUATION 
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Figure  16.--  Cross-Section  Specifications. 
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Figure  17.--  Cross  - Section  Line  Printer  Summary. 


CORE  HOLE  DATA  DISPLAY 
CORRELATION 


o 


Further  interaction,  appearing  in  the  upper  left  hand  corner  of  the 
screen,  asks  user  to  mark  critical  values  with  the  cursor  or  enter  alpha- 
numeric values  if  either  a one  or  two  is  entered.  If  cursors  are  selected, 
the  value  is  entered  by  positioning  the  cursor  and  striking  any  key. 

Finally,  once  a critical  value  has  been  accepted  by  user  for  boundary 
identification,  the  computer  marks  each  elevation  in  that  corehole  where 
the  critical  value  is  crossed  in  either  an  increasing  or  decreasing  di- 
rection. These  elevations  are  marked  with  dashed  lines  that  extend  past 
the  end  of  the  flag  for  a parameter. 

After  the  boundaries  are  marked  by  computer,  a query  asks  user  to 
mark  top  and  bottom  boundaries  in  pairs  with  cursors.  First,  position 
the  cursor  to  mark  the  top  boundary.  Strike  any  key  on  keyboard  and  an 
asterisk  will  locate  top  boundary.  Similarly,  locate  bottom  boundary  of 
bed.  When  done,  the  computer  will  automatically  position  a beam  between 
boundaries  and  wait  for  user  to  type  a label  for  the  bed.  This  label 
may  have  up  to  four  alphanumeric  characters  and  names  the  boundary  data 
files.  After  the  first  corehole  has  been  analyzed  in  this  way  and  a "D" 
typed,  indicating  that  user  has  labeled  all  beds  (identifying  boundaries 
for  critical  values) , the  screen  will  be  cleared  and  the  process  repeated 
for  a new  corehole  file. 

After  the  screen  is  cleared,  the  corehole  just  processed  will  be 
displayed  on  the  left,  lower  side  of  screen  and  user  must  input  a file 
name  containing  data  for  the  next  corehole  to  be  analyzed.  When  entered, 
a parameter  "histogram"  for  the  new  corehole  will  be  drawn  on  the  lower 
right  hand  side,  and  user  is  given  options  for  identifying  critical  values 
as  before.  Interaction  from  this  point  on  is  identical  to  the  first  core- 
hole except  all  queries  and  responses  apply  to  display  at  lower  right  hand 
corner  of  screen.  Figure  19  shows  labeling  process  where  bed  "BDA"  has 
been  identified  in  both  holes  shown. 

Each  corehole  desired  is  analyzed  in  succession  in  this  manner.-  The 
corehole  previously  analyzed  shifts  to  lower  left  corner  and  corehole  under 
analysis  appears  in  lower  right  corner  until  finished.  For  completion, 
enter  blank  file  name  in  response  to  a test  hole  file  request.  Now,  the 
computer  outputs  a table  to  line  printer  summarizing  the  session  for  user. 
This  output  should  be  saved  since  it  may  be  needed  later  to  generate  uni- 
form grid  files,  which  in  turn  are  subsequently  used  to  create  a number  of 
different  displays  showing  results  of  corehole  analysis  (Data  Entry  Review 
options  3-10,  Figure  2). 

CONSTRUCTION  OF  RAW  DATA  FILES  FOR  COREHOLE  ANALYSIS 


Example  Applied  to  Thunder  Basin  Data 

The  data  used  as  test  data  for  these  routines  is  a set  of  corehole 
samples  made  by  Dan  Youngberg.  The  original  data  files  had  to  be  con- 
verted from  type  3 to  type  2 binary  files.  This  conversion  was  done  by 
program  BUILD.  The  program  INPT  uses  the  random  access  utility  routines 
to  set  up  a binary  keyed  file  containing  the  names  of  the  parameters  that 
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were  tested  as  the  keys.  The  user  must  name  the  keyed  file,  specify  the 
sizes  of  the  data  record  and  the  header  records,  and  specify  the  number 
of  parameter  keys  and  the  number  of  sampling  intervals  in  the  data  file. 
The  format  of  the  binary  files  is  set  up  in  this  routine  and  the  data  is 
read  from  the  type  2 file  and  written  in  a new  format  into  the  binary 
file.  The  format  of  the  file  is  all  arbitrary  and  subject  to  the  user’s 
needs.  At  this  point  the  geologist’s  data  is  now  ready  to  be  used  by 
the  correlation  and  cross-section  analysis  routines. 

CONSTRUCTION  PROCESS  FOR  EXAMPLE  DATA 


1.  Run  Program  BUILD  to  Convert  from  Type  3 Files  to  Type  2. 
Interaction 


A.  INPUT  NAME  OF  THE  COREHOLE  FILE?  This  is  the  name  of  type  3 

file. 

B.  INPUT  THE  NAME  OF  THE  DESTINATION  FILE?  This  is  the  name  of 

file  where  you  wish  the  converted  data  to  be  placed. 

C.  INPUT  THE  NUMBER  OF  LINES  TO  BE  READ?  This  is  the  total 

number  of  records  in  the  type  3 file.  In  this  example, 

330  would  be  used  (Figure  20) . 

D.  NUMBER  OF  INTERVALS?  In  our  example,  330  would  again  be 

used,  since  each  record  contains  a unique  elevation. 

2.  Run  Program  INPUT  to  Convert  the  Type  2 Data  File  to  a Keyed  Binary 
File. 

Interaction 


A.  INPUT  THE  NAME  OF  THE  INPUT  FILE?  This  would  be  the  name  of 

the  type  2 file. 

B.  INPUT  THE  NUMBER  OF  SAMPLING  INTERVALS?  In  our  example,  330 

would  again  be  used,  since  this  is  the  number  of  different 
elevations  used. 

C.  INPUT  X,  Y COORDINATES?  This  is  the  location,  in  geographical 

coordinates,  of  our  corehole. 

D.  INPUT  THE  NAME  OF  THE  FILE  TO  BE  WRITTEN  INTO?  This  is  the 

name  of  the  keyed  binary  file. 
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record  elevation  values  for  parameters 

1 1010  35,  *1.0 ,2*  0.0, ^5.5 

2 1011  *7.0,  A 0.35,*  0.5, 60.8,*  4 
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UNIFORM  GRID  CONSTRUCTION 

(Invoked  by  option  3,  data  entry  menu:  see  Figure  2) 


Uniform  grid  construction  is  entered  by  electing  option  3 on  the 
data  entry  and  review  menu  of  SPLAN  (Figure  2) . 

Uniform  grid  construction  is  used  to  convert  XYZ  ASCII  files  to 
uniform  grid  files.  These  grid  files  are  important  in  that  most  of  the 
review  options  rely  on  grid  files. 

The  construction  of  a grid  file  is  a two  step  process.  First  the 
ASCII  files  created  by  an  entry  option  must  be  converted  to  a binary 
file.  The  binary  file  is  then  used  to  construct  the  grid  file.  These 
two  operations  are  performed  by  electing  options  from  the  menu  shown 
in  Figure  21  which  is  placed  on  the  screen  after  electing  a 3 on  the 
Data  Entry  Review  menu  (Figure  2) . 


BINARY  FILE  CONSTRUCTION 


To  construct  a binary  file  an  input  of  "1"  must  be  selected  on  the 
grid  construction  option  menu  (Figure  21) . The  screen  is  then  cleared 
and  the  user  must  answer  four  questions. 

The  first  question  asks  the  user  to  input  up  to  twenty  characters 
for  a general  file  description.  The  second  question  asks  the  user  to 
input  the  name  of  the  ASCII  file  that  is  to  be  used  to  create  a binary 
file.  This  name  must  be  no  more  than  6 characters  in  length.  The  third 
question  asks  the  user  to  input  a file  name  for  the  binary  file,  and  the 
fourth  and  last  question  asks  the  user  to  input  the  cartridge  number 
where  the  binary  file  is  to  reside.  This  is  usually  the  user's  cartridge 
number.  This  cartridge  must  be  mounted,  otherwise  an  error  condition  will 
occur  and  this  portion  of  SPLAN  will  be  aborted. 

Any  duplicate  data  records  will  be  displayed  on  the  line  printer. 

Any  other  errors  will  also  be  displayed  on  the  line  printer. 


GRID  FILE  CONSTRUCTION 

The  second  part  of  the  two  step  grid  file  construction  process  is 
to  create  a grid  file  from  a binary  file.  To  construct  a grid  file, 
option  2 on  the  file  construction  menu  (Figure  21)  must  be  selected. 

The  screen  is  then  cleared  and  the  user  is  asked  to  respond  to  a number 
of  questions. 

The  user  is  first  asked  the  name  of  the  binary  (XYZ)  file  to  be 
used.  The  user  is  then  asked  to  input  the  appropriate  Z value  number 
to  be  used.  Each  X,  Y planar  coordinate  pair  may  have  between  one  and 
five  different  "Z"  values  associated  with  it,  although  files  created 
through  digitizing  or  corehole  analysis  will  have  only  one. 


13 


xxtxtxxxtxnytixxxxxxx 


UJ 

-I 


>- 

(T 

< 

Z 

GD 


>oooo< 


< 

UJ 

d 5 
u-  o 
cr 

>-  U- 

q: 

< Q 

? tr 

CD  o 

< < 

h" 

O O 
3 3 

(T  q: 

H H 
O)  CO 

§g 

0 o 

✓N 

1 I 
— CJ 


z 

LU  O 

? O 

2 ^ 
DC  I 
UJ  . 
H 


3 

a. 


I 

® — 


13a 


The  user  is  next  asked  to  input  a grid  interval  to  be  used  in  con- 
structing the  grid  file.  This  interval  corresponds  to  the  grid  cell 
size  in  the  map  units,  and  must  be  selected  in  conjunction  with  the  map 
size  so  that  the  number  of  grid  cells  in  either  direction  (X  or  Y)  is 
less  than  50. 

Following  specification  of  the  grid  cell  size,  the  user  will  define 
the  total  map  area  by  setting  minimum  and  maximum  X and  Y coordinates  to 
be  used  from  the  binary  file.  If  the  user  inputs  all  zeros  the  default 
case  results  where  the  minimum  and  maximum  values  in  the  binary  file  are 
used.  The  user  then  enters  the  total  number  of  grid  cells  that  will  be 
scanned  for  points  to  approximate  the  interval.  Reasonable  values  here 
are  10  to  20,  with  about  90%  if  experienced  grid  construction  errors  due 
to  specification  of  too  small  a value  here. 

He  may  also  choose  to  validate  the  input  points.  A validation 
forces  any  grid  cell  corners  whose  coordinates  match  original  data  points 
to  the  actual  value. 

The  next  information  the  user  must  provide  is  the  name  of  the  grid 
file  (output)  and  the  cartridge  where  this  file  is  to  reside. 

The  user  is  then  asked  if  he  wishes  to  set  the  minimum  and  maximum 
elevations.  If  he  does,  the  grid  file  will  contain  only  those  elevations 
which  fall  between  these  two  values.  However,  if  the  user  does  not  set 
the  minimum  and  maximum  elevations,  the  grid  file  will  contain  all  of  the 
calculated  elevations.  Figure  22  illustrates  typical  response  to  grid 
file  creative  queries,  as  the  program  initiates  the  actual  construction. 

A line  printer  listing  will  be  produced  giving  a summary  of  all  pa- 
rameters used  along  with  calculated  maximums  and  minimums  of  the  X and  Y’s 
for  the  grid  file.  This  listing  also  contains  the  number  of  X,  Y,  Z 
points  used  in  the  calculations  of  the  grid  file.  Any  errors  detected  in 
the  creation  of  the  grid  file  will  also  be  displayed  on  the  line  printer. 

Following  successful  grid  file  creation,  control  returns  to  the  file 
construction  options  menu  (Figure  21).  If  the  creation  of  the  grid  file 
was  successful  a 0 should  be  entered  and  control  will  return  back  to  the 
data  entry  and  review  options.  However,  if  the  creation  of  the  grid  file 
was  unsuccessful,  another  attempt  can  be  made  by  entering  a two  for  the 
option  input. 


GRID  INTERPOLATION 

(Invoked  by  option  4,  data  entry  menu:  See  Figure  2) 


Grid  interpolation  is  option  4 of  the  data  entry  and  review  options 
of  SPLAN  (Figure  2) . It  is  designed  to  allow  the  user  to  create  a new 
grid  file  from  an  existing  grid  file.  The  user  may  change  the  grid  inter- 
val or  the  minimums  and  maximums  of  the  geographical  coordinates. 
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Figure  22. — Typical  Grid  Construction  Querie. 
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The  following  questions  are  presented  to  the  user  for  response. 


1.  JOB  NAME?  This  allows  the  user  to  enter  up  to  20  alphanumeric 

characters  which  are  used  to  identify  the  new  grid  file. 

2.  SOURCE  FILE?  The  name  of  the  existing  grid  file  should  be 

entered  here. 

3.  DESTINATION  FILE?  The  user  now  enters  grid  file. 

4.  MINIMUM  AND  MAXIMUM  X AND  Y VALUES?  This  allows  the  user  to 

redefine  the  extent  of  the  new  grid  file.  An  input  of  0 
defaults  to  the  parameters  of  the  old  grid  files. 

5.  GRID  INTERVAL?  The  user  now  inputs  the  grid  interval  at  which 

the  new  file  is  to  be  built. 

A line  printer  listing  is  then  displayed  giving  the  parameters  of 
the  new  grid  file  (Figure  23). 


GRID  OPERATIONS 

(Invoked  by  option  5,  data  entry  menu:  See  Figure  2) 


The  grid  operations  are  option  5 of  the  data  entry  and  review  modul 
of  SPLAN  (Figure  2).  They  are  designed  to  let  the  user  add,  subtract, 
multiply,  or  divide  either  grid  or  binary  files  to  create  new  files. 

In  the  case  of  grid  files  the  following  questions  are  presented  for 
user  response. 

1.  SOURCE  FILE  NAME?  The  user  may  input  from  one  to  three  grid 

files,  one  at  a time.  This  process  is  terminated  when  the 
user  enters  a blank  followed  by  a carriage  return.  In  the 
case  where  only  one  grid  file  is  used,  the  user  is  asked  to 
input  a value  which  will  be  used  as  a constant  operator  to 
create  the  new  grid  file. 

2.  THE  TYPE  OF  OPERATION?  These  operations  include  addition, 

subtraction,  multiplication,  or  division.  In  the  case  of 
one  grid  file  the  constant  operation  is  used  to  operate  on 
each  elevation.  In  the  case  of  two  grid  files  the  opera- 
tion is  used  by  elevation  to  create  the  new  grid  file.  In 
the  case  of  three  grid  files  the  first  operation  is  performed 
between  the  first  two  grid  files  entered  to  give  an  inter- 
mediate file.  The  second  operation  is  then  performed  between 
the  intermediate  file  and  the  third  grid  file  entered. 
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3.  DESTINATION  FILE  NAME  AND  CARTRIDGE  NUMBER?  The  user  then 

enters  a name  for  the  new  grid  file  and  the  cartridge  number 
where  that  file  is  to  reside. 

4.  JOB  NAME?  This  is  up  to  twenty  alphanumeric  characters  which 

are  used  to  describe  the  new  file. 

5.  In  the  case  of  two  or  more  grid  files  the  user  is  asked  to 

specify  the  grid  coordinates  for  the  new  file.  An  input  of 
0 causes  the  default  case,  where  the  grid  coordinates  for 
the  new  file  are  copied  from  the  first  grid  file  entered. 
Caution  should  be  used,  so  that  all  the  grid  files  contain 
the  grid  interval  specified,  or  defaulted  to. 

In  the  case  where  a binary  file  is  used  the  following  questions  are 
presented  to  user  for  response: 

1.  SOURCE  FILE  NAME?  This  is  the  name  of  the  binary  file  to  be 

used. 

2.  Z OPERAND?  Every  binary  file  contains  between  one  and  five 

elevations  for  each  geographical  coordinate  pair.  The  user 
may  select  up  to  three  elevations  to  be  operated  on.  This 
process  is  terminated  by  entering  a space  followed  by  a 
carriage  return. 

3.  CONSTANT  OPERATOR?  If  the  user  has  input  only  one  elevation 

number,  the  constant  operator  will  be  used  for  all  operations. 

4.  WHICH  Z SHOULD  RESULT  BE  PLACED  IN?  The  user  has  the  option 

of  putting  the  results  in  any  of  the  five  available  eleva- 
tion locations  of  the  new  binary  file. 

5.  OPERATION?  The  operations  include  addition,  subtraction, 

multiplication,  or  division.  In  the  case  of  one  Z value, 
the  operation  will  be  performed  between  the  two  elevations 
for  each  geographical  coordinate.  In  the  case  of  three  Z 
values  the  first  operation  will  be  performed  between  the 
first  two  elevations  to  give  an  intermediate  elevation. 

Then  the  second  operation  will  be  performed  between  the 
intermediate  results  and  the  third  Z values. 

6.  DESTINATION  FILE  NAME  AND  CARTRIDGE  NUMBER?  The  user  is  then 

asked  to  name  the  created  binary  file  and  to  input  the  car- 
tridge number  of  where  this  new  file  is  to  reside. 

7.  JOB  NAME?  The  user  may  then  enter  up  to  20  alphanumeric  char- 

acters to  describe  this  file. 

A line  printer  listing  is  then  displayed.  This  contains  the  minimums 
and  maximums  for  the  geographical  coordinates  of  the  newly  created  files 
(Figure  24) . 
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Figure  24. — Sample  Grid  Operations  Line  Printer  Summary. 


GRID  SECTION  DISPLAY/eDITING 

(Invoked  by  option  6,  data  entry  menu:  See  Figure  2) 


Grid  section  display/editing  is  option  6 of  the  data  entry  and  review 
option  of  SPLAN  (Figure  2) . It  is  designed  to  allow  the  user  to  edit  grid 
files  either  row  by  row,  or  column  by  column. 

The  first  question  presented  to  the  user  for  response  is  "Source 
File?"  The  user  may  input  up  to  three  different  grid  file  names.  This 
process  is  terminated  by  entering  a blank  followed  by  a carriage  return. 

The  screen  is  then  cleared  and  the  parameters  for  each  file  are  pre- 
sented. The  parameters  for  each  file  should  be  the  same.  The  user  may 
change  the  header  name  of  any  of  the  grid  files  if  he  wishes  (Figure  25) . 
The  user  is  then  asked  whether  he  wishes  to  display  the  files  by  rows  or 
by  columns. 

The  first  row  or  column  of  each  file  is  then  displayed  to  the  user 
(Figure  26).  The  following  options  are  also  presented  to  the  user: 

D//  — The  user  may  display  the  elevation  of  any  point  shown.  This 

is  done  by  positioning  the  cursors  at  the  point  and  by  enter-  ‘ 
ing  the  number  of  the  file  (1-3)  this  point  occurs  on.  The 
surface  number,  the  point  number  and  the  elevation  are  then 
displayed  for  the  user. 

C#  — The  user  may  change  the  elevation  for  any  point  on  any  given 
line.  This  is  accomplished  by  positioning  the  cursors  to  the 
new  elevation  for  the  point  and  by  entering  the  file  number 
(1-3).  The  surface  number,  the  point  number,  the  old  eleva- 
tion and  the  new  elevation  are  now  displayed. 

R — The  user  may  redraw  this  section. 

P — The  user  can  plot  this  section  on  the  plotter. 

Q — The  user  can  proceed  to  the  next  row  or  column.  If  he  was  at 
row  1 then  row  2 would  be  displayed. 

J#  — The  user  can  move  to  a new  row  or  column,  or  change  from  rows 
to  columns  and  vice  versa.  This  is  accomplished  by  entering 
a "J".  The  user  can  then  pick  between  rows  and  columns.  Then 
he  should  specify  which  row  or  column  number  he  wishes  to  move 
to. 

T — The  user  can  terminate  the  editing  process  and  create  a new 
grid  file  from  the  edited  grid  file.  In  which  case  the  user 
would  be  asked  to  enter  a name  for  the  new  grid  file. 

A — The  user  can  abort  the  editing  process.  He  would  then  return 
to  the  data  entry  and  review  options. 
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Figure  25.--  Parameter  Displays  for  Grid  Section  Displays  / Editing. 
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Figure  26.--  Grid  Section  Display  / Editing  Options. 
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3 DlfCNSIONAL  SECTION  DISPLAYS 

(Invoked  by  option  7,  data  entry  menu:  See  Figure  2) 


Three  dimensional  grid  displays  are  option  7 of  the  data  entry  and 
review  module  of  SPIAN  (Figure  2).  It  is  designed  to  allow  the  user  to 
display,  by  rows  or  columns,  a grid  file. 

The  following  questions  are  presented  for  user  response: 

1.  GRID  FILE  NAME?  The  user  should  enter  the  name  of  the  grid 

file  for  which  he  wants  the  displays.  This  grid  file  must 
exist  at  the  time  of  the  call. 

2.  DISPLAY  BY  ROW  OR  COLUMN?  The  user  has  the  option  of  dis- 

playing the  grid  file  by  rows  or  by  columns. 

3.  STARTING  ROW  OR  COLUMN? 

4.  NUMBER  OF  ROWS  OR  COLUMNS  TO  BE  DISPLAYED?  This  number  should 

not  be  larger  than  about  five.  Number  larger  than  this  may 
not  fit  on  the  screen. 

The  screen  is  then  cleared  and  three  dimensional  cross-sections  of 
each  specified  section  are  drawn.  Useful  header  information  is  also  dis- 
played on  the  screen  (Figure  27) . 

The  user  can  then  display  more  rows  or  columns  at  his  discretion.  If 
he  decides  to  display  more  cross-sections  questions  two  through  four  are 
presented  for  response.  However,  if  he  chooses  not  to  display  more  cross- 
sections  the  data  entry  and  review  options  are  presented  again. 


CONTOUR  (grid)  DISPLAYS 

(Invoked  by  option  8,  data  entry  menu:  See  Figure  2) 


The  grid  contour  displays  are  option  8 of  the  data  entry  and  review 
module  of  SPLAN  (Figure  2).  It  is  designed  to  reproduce  grid  files  in  a 
map  format. 

The  screen  is  then  cleared  and  the  user  is  asked  to  input  the  name 
of  the  grid  file  to  be  displayed. 

The  screen  is  cleared  once  again  and  the  user  is  asked  to  input 
the  interval  at  which  the  contours  are  to  be  drawn.  This  value  should 
be  small  enough  so  as  to  show  the  major  contour  lines  and  large  enough 
to  avoid  cluttering  the  map.  This  can  be  accomplished  by  trial  and  error 
if  the  user  is  unfamiliar  with  the  surface  to  be  displayed. 


18 


UJ 

X>N  5 


g 

(T 


CVJ 


V> 


5 “|5 

Of  < Q- 
C5  _l  h* 

P 0.(0^ 
i (OQCO 

o . 

F ou.# 


S gz  I 

X Fo(o  » 

SS3  5 

3UJQ.  > 

o:<n  w)  » 

UJ  ) 

arcno  » 

Q.</)  S 
OQ  i 

“ I 


18a 


Figure  27. — Sample  Three  Dimensional  Grid  Display  Output. 
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The  screen  is  then  cleared  and  a map  representing  the  grid  file  is 
displayed  (Figure  28).  Header  information  is  also  displayed.  The  in- 
formation contains  the  minimum  and  maximum  elevations  of  the  grid  file. 
This  information  is  useful  in  calculating  a good  contour  interval. 

The  user  is  then  given  the  option  of  getting  a plotter  copy  of  the 
map,  zooming  in  on  a portion  of  the  map,  or  changing  the  contour  interval. 
If  the  user  answers  no  to  all  these  questions  the  data  entry  and  review 
module  options  are  displayed.  To  zoom  in  on  any  area  of  the  map  the 
user  simply  positions  the  cursors  at  the  lower  left  hand  corner  of  the 
desired  area,  and  then  at  the  upper  right  hand  corner.  This  area  is 
then  outlined  for  the  user.  The  screen  is  then  cleared  and  this  area 
is  displayed.  This  process  then  starts  over  again. 

5 DIMENSIONAL  DISPLAYS  (GRID) 

(Invoked  by  option  9,  data  entry  menu:  See  Figure  2) 


The  three  dimensional  displays  are  option  9 of  the  data  entry  and 
review  module  of  SPLAN  (Figure  2) . It  is  designed  to  allow  the  user  to 
see  three  dimensional  displays  of  grid  files. 

The  following  questions  are  presented  for  user  response: 

1.  GRID  FILE  NAME?  The  user  should  make  sure  of  the  desired 

grid  file  existence  before  entering  the  name. 

2.  VIEWING  POSITION?  The  user  should  first  enter  the  number 

of  degrees  the  map  should  be  rotated  about  the  vertical 
axis.  A good  value  for  this  is  225  degrees.  The  user 
should  then  enter  the  number  of  degrees  (0  < theta  < 90) 
that  the  map  should  be  rotated  about  the  horizontal  axis. 

A good  working  value  for  this  seems  to  be  25  degrees. 

3.  ELEVATION  FACTOR?  This  value  is  multiplied  by  every  eleva- 

tion. A value  of  one  is  a good  initial  value  and  will 
show  the  grid  file  exactly  as  it  is.  Higher  values  may 
be  used  to  exaggerate  the  peaks  and  valleys  in  the  grid 
file. 

4.  REMOVE  HIDDEN  LINES?  A "Y"  to  this  -’  •estion  will  suppress 

the  display  of  hidden  lines  if  any  exist  from  the  current 
viewing  position. 

The  screen  is  then  cleared  and  a three  dimensional  view  of  the  grid 
file  is  shown.  Also  displayed  is  some  header  information  from  the  file, 
and  the  viewing  position  values  and  the  elevation  scale  factor  (Figure  30) . 

The  user  then  has  the  option  of  getting  a plotter  copy,  changing  the 
viewing  position,  changing  the  elevation  factor,  or  removed  hidden  lines. 
Answering  ”N"  to  all  these  options  causes  the  data  entry  and  review  options 
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Figure  28. — Typical  Contour  (Grid)  Display. 
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Figure  30.  — Example  of  3-D  Display. 
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to  be  displayed  again.  However,  answering  "Y"  to  any  of  the  questions 
clears  the  screen  and  the  grid  file  is  displayed  again  using  the  new 
information. 


LP  LISTINGS  (data  OUTPUT) 

(Invoked  by  option  ID,  data  entry  menu:  See  Figure  2) 

The  line  printer  listings  are  option  10  of  the  data  entry  and  review 
module  options.  The  user  can  get  a line  printer  of  listing  of  a grid 
file  or  of  a binary  file.  These  can  be  useful  in  creating,  editing  or 
displaying  grid  files. 

The  only  thing  the  user  must  input  is  the  name  of  the  grid  file  or 
of  the  binary  file. 

The  binary  or  grid  file  header  is  listed  along  with  the  dump  of  that 

f ile . 


OVERLAY  DISPLAYS  (CONSTRUCTION) 

(Invoked  by  option  11,  data  entry  menu:  See  Figure  2) 


The  overlay  displays  will  be  option  11  of  the  data  entry  and  review 
module  options.  As  of  the  present  time  it  has  not  been  implemented. 

It  will  be  designed  so  that  the  user  can  overlay  continuous  data 
files  and  point  data  files. 

As  of  today,  the  overlay  option  will  allow  the  user  to  show  digitized 
continuous  displays. 

The  only  input  needed  is  the  f ile  name . 

The  user  then  sees  the  map.  Also  displayed  with  the  map  is  some 
header  information  along  with  a key  to  the  map  (Figure  7) . 

The  user  then  has  the  option  of  getting  a hardcopy,  zooming  in  on  an 
area,  or  changing  the  contour  interval.  If  he  answers  "N"  to  all  these 
options  the  data  review  and  edit  options  are  displayed. 
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PRODUCTION  ANALYSIS  USE 


SECTION  111 


The  production  analysis  module  has  been  implemented,  as  have  other 
programs  in  the  SEAMPLAN  system  in  a highly  interactive  environment. 

As  such,  a description  of  the  use  of  the  routine  of  the  module  will 
center  primarily  around  a description  of  the  required  responses  to  the 
messages  placed  on  the  screen  by  the  computer.  In  addition,  however, 
several  files  are  used  to  provide  a default  parameter  values  to  the 
production  analysis  program,  and  the  user  must  be  aware  of  the  data 
contained  in  these  files.  The  input  files  utilized  by  production  anal- 
ysis are  //VNADM,  #VNLRS,  //VNCFA,  //DRAG,  and  //MINE.  All  but  the  //MINE 
file  consist  of  alphanumeric  records  which,  and  must  be  presented,  for 
successful  execution  of  the  production  analysis  module.  The  //MINE  file, 
however,  is  an  internally  formatted  binary  file  which  is  produced  at 
various  stages  during  the  production  analysis  process,  the  two  major 
ones  being  pit  layout  and  the  multiple  pit,  or  dynamic  programming, 
optimization  activities.  All  output  of  interest  to  the  user,  including 
queries  for  information  and  menu  input  requests,  are  placed  on  the  Tek- 
tronix 4014  CRT,  and  at  various  points,  reports  are  output  to  the  line 
printer. 

As  with  other  modules  in  which  SEAMPLAN,  interaction  with  the  user 
through  the  CRT  can  be  divided  into  two  basic  classes:  l)queries,  and 

2)  menu  selection.  Responses  to  menu  selection  requests  made  by  the 
computer  consist  entirely  of  entering  a number  from  the  menu  following 
the  input  request  line,  whereas  queries  may  request  yes/no  answers,  al- 
phanumeric data  input,  or  numeric  data  input  from  the  user.  It  is  the 
purpose  of  this  section  of  the  report  then,  to  describe  the  various  op- 
tions available  to  the  user  in  the  production  analysis  module  as  well 
as  the  appropriate  responses  to  various  menus  and  queries. 

Figure  31  summarizes  the  major  interaction  points  in  the  production 
analysis  module.  As  can  be  seen,  the  interaction  has  been  designed  to 
be  highly  structured.  That  is,  normally  the  sequence  at  each  descending 
level  of  structure  will  consist  of  an  initialization  part  followed  by  an 
option  selection  menu,  possibly  followed  by  further  initialization  or 
menu  selection  at  a lower  level.  Figure  31  can  be  interpreted  in  the 
broad  sense  as  a flow  chart.  Each  nested  block  represents  a lower  level 
of  interaction  with  the  user,  and  upon  concluding  the  interaction  at  a 
particular  level  by  selection  "0"  on  that  level’s  menu  a return  is  auto- 
matically indicated  by  this  figure  to  the  next  higher  level  interaction 
(the  enclosing  box).  The  result  of  each  menu  selection  is  indicated  in 
Figure  31  by  numbered  blocks  following  a response  input.  Each  input  re- 
sponse shows,  in  parenthesis,  the  possible  responses,  with  each  corre- 
ponding  to  a block  nested  within  the  outer  block. 

The  production  analysis  interaction  begins  with  initialization 
queries.  The  first  of  these  asks  the  user  whether  or  not  he  wishes  to 
change  the  value  of  any  variables  in  the  default  of  //VNADM  data  file. 
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( i ) SUBSYSTEM  SELECTION 

(ii)  PIT  LAYOUT  (Y/N) 

(Mi)  EXISTING  MINE  FILE  ? 

IF  PIT  LAYOUT  SELECTED 

PIT  LAYOUT  QUERIES 

IF  DRAGLINE  SUBSYSTEM  SELECTED,  WHILE  RESPONSE  »«0  DO 

OUTPUT  DRAGLINE  DESIGN  MENU 
INPUT  RESPONSE  (1, 2,3,0) 

i: 

EVALUATE  MACRO  MODEL  S OUTPUT  TABLE 

2: 

INITIAL  DESIGN  QUERIES 
WHILE  RESPONSE  * 0 

OUTPUT  MENU 

INPUT  RESPONSE  (1,2,0) 

i: 

INITIALIZE  NEW  PLAN 

2; 

OPTIMIZATION  PARAMETER  QUERIES 

3: 

McDonnell  douglas  interaction 

IF  RECLAMATION  SUBSYSTEM  SELECTED, 
WHILE  RESPONSE  * 1 

RECLAMATION  MENU 

• 

• 

• 

Figure  — 31 . Summary  of  Production  Analysis  Use. 
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In  order  to  do  this,  he  will  usually  have  a list  of  the  current  file  be- 
fore him,  and  any  parameters  which  he  desires  to  change  interactively  he 
may.  This  is  done  by  responding  to  the  change  query  with  an  answer  of 
"yes".  Next,  values  are  changed  by  typing  a parameter  name  followed  by 
an  equals  sign  (=)  followed  by  the  new  value  which  he  wishes  to  assign  and 
striking  the  carriage  return  key.  This  may  be  done  until  the  user  enters 
an  "*",  indicating  he  is  through  changing  the  file  parameter  values. 

Assuming  he  has  typed  "no"  to  the  change  request  or  terminated  the 
change  activity  with  a the  initiation  completed  in  the  next  phase 

where  the  user  is  asked  to  specify  the  subsystems  he  wishes  to  analyze 
as  well  as  indicate  whether  interactive  pit  layout  is  desired  or  not. 

With  respect  to  the  first  query,  the  user  may  enter  following  a list 
of  the  possible  subsystems  which  may  be  analyzed,  a string  of  numbers 
separated  by  commas  to  indicate  the  subsystems  he  wishes  to  analyze. 

Following  response  to  this  query,  the  user  is  asked  to  respond  in 
a yes/no  fashion  to  indicate  whether  or  not  he  wishes  to  engage  in  in- 
teractive pit  layout.  Should  he  respond  with  a "no"  answer  here,  he  is 
then  asked  to  respond  in  a yes /no  fashion  as  to  whether  an  existing 
//MINE  file  should  be  used  to  provide  information  about  the  site.  Should 
he  answer  "no"  to  the  pit  layout  query,  or  assuming  pit  layout  has  been 
successfully  completed,  the  dragline  design  option  menu  will  be  present- 
ed next.  Figure  32  illustrates  typical  phase  2 production  analysis  ini- 
tialization where  pit  layout  has  been  requested  at  this  level. 

PIT  LAYOUT  QUERIES 

The  queries  which  lead  the  user  through  interactive  pit  layout  occur 
in  basically  two  phases.  In  the  first  phase,  the  user  is  asked  to  select 
a contour  map  upon  which  the  pit  layout  will  be  performed.  This  is  done 
by  entering  a number  from  a list  of  available  maps  presented  on  the  screen 
Also  at  this  point,  the  user  is  asked  to  specify  a contour  interval.  This 
interval  represents  the  change  in  elevation  between  contour  lines  drawn  on 
the  map,  and  appropriate  values  will  depend  on  the  map  selected.  For  ex- 
ample, for  topography  proper  values  are  generally  on  the  order  of  100,  as 
where  isopachs  may  be  better  displayed  using  intervals  on  the  order  of  10, 
and  stripping  ratio  maps  must  be  drawn  with  contour  intervals  on  the  order 
of  .1.  Once  the  user  has  entered  the  contour  interval,  the  screen  will 
be  cleared,  and  the  selected  contour  map  will  be  displayed  on  the  Tektro- 
nix CRT,  and  phase  2 of  the  pit  layout  interaction  will  begin. 

Once  the  map  is  drawn  and  the  program  is  prepared  for  further  inter- 
action, the  bell  on  CRT  will  sound,  and  the  user  is  ready  to  begin  pit 
layout.  In  all  cases  in  this  next  phase,  the  sounding  of  the  bell  indi- 
cates that  the  computer  is  ready  for  further  interaction  with  the  user. 
Further  queries  may  be  obtained  at  this  point  by  striking  the  carriage 
return  (CR)  key.  In  this  case  the  first  query  obtained  is  a question  as 
to  whether  the  user  wishes  to  zoom  in  on  a small  area  or  not . Zooming 
in  can  provide  the  user  with  a blown-up  contour  map  of  a smaller  area  on 
the  larger  map,  and  the  area  over  which  to  zoom  is  defined  through  the 
use  of  the  cross-hair  cursors  on  the  Tektronix  CRT.  Details  concerning 
the  method  of  zooming  described  in  more  detail  in  the  section  describing 
Data  Entry  and  Review  Module,  page  29. 
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Figure  32. — Typical  Production  Analysis  Initializiation. 


Following  a "no"  response  to  the  zoom  query  and/or  upon  completion 
of  the  zooming  activity,  the  user  is  asked  whether  or  not  he  wishes  to 
change  the  contour  interval.  Once  again,  a yes/no  response  is  required 
here.  Should  he  answer  yes,  he  will  be  queried  for  the  new  contour  in- 
terval, the  screen  will  be  cleared,  and  a new  map  will  be  displayed. 

Once  the  user  indicates  that  he  is  satisfied  with  the  display  map  by 
answering  "no"  to  both  of  the  preliminary  maps  display  manipulation  the 
actual  pit  layout  queries  begin. 

Once  the  map  display  is  accepted,  the  cross-hair  cursors  will  be 
presented  on  the  CRT  screen  for  the  user.  By  manipulating  the  thumb 
wheels  to  position  the  cross-hairs,  and  striking  any  key  or  character, 
the  user  will  locate  the  origin,  the  X extent  and  the  Y extent  of  the 
pit  layout.  The  "X"  axis  for  the  purpose  of  pit  layout  is  assumed  to 
be  oriented  along  the  line  defined  by  the  first  two  points  entered. 

In  other  words,  the  first  two  points  located  and  entered  through  the 
cross-hair  cursors  identify  the  opening  edge  of  the  pit  being  layed 
out.  The  "Y"  extent,  on  the  other  hand,  identifies  the  width  of  the  pit 
layout  area,  and  the  design  range  indicates  to  the  machine  the  portion 
of  the  total  area  to  be  analyzed  in  the  first  machine  design  phase  or 
pass.  Having  specified  the  area  geometry,  the  user  is  next  queried  for 
design  criteria. 

The  design  criteria  is  used  by  the  machine  to  determine  a single 
overburden  depth  and  coal  seam  thickness  values  for  dragline  and  other 
equipment  design.  As  such,  the  user  has  the  option  of  using  the  average 
for  the  area  specific  point  at  which  the  overburden  depth  and  coal  seam 
thickness  will  be  used,  or  utilizing  the  values  at  the  point  of  maximum 
stripping  ratio.  He  indicates  his  choice  by  entering  a 1,  2,  or  3 cor- 
responding to  the  criteria  in  a list  presented  on  the  screen. 

Typical  pit  layout  interaction  and  the  result  of  the  pit  layout 
activity  is  illustrated  in  Figure  33.  A slight  delay  will  occur  fol- 
lowing the  entry  of  the  design  criteria  while  the  computer  calculates 
the  necessary  values  and  places  them  in  the  #MINE  file,  and  the  computer 
will  signal  ready  once  again  by  sounding  a bell  on  the  CRT.  At  this 
point,  the  user  will  strike  the  carriage  return  key  to  continue,  and 
the  overburden  depth,  coal  seam  thickness,  length  and  width  of  the  plan- 
ning area,  as  well  as  the  total  overburden,  total  coal  and  coal  area  iden- 
tified will  be  displayed  on  the  screen.  The  bell  sound  will  indicate  that 
the  user  may  strike  the  carriage  return  to  continue  with  the  equipment 
design  phase  of  Production  Analysis. 


DRAGLINE  DESIGN  OPTION  MENU 


Should  the  user  not  elect  to  perform  pit  layout,  or  following  suc- 
cessful pit  layout,  the  menu  shown  in  Figure  34  will  be  displayed  on  the 
screen.  As  shown,  he  may  at  this  point  elect  one  of  the  four  options. 

By  entering  a 1 in  response  to  the  option  query,  he  may  elect  to  evalu- 
ate the  dragline  performance  at  the  macro  level.  If  this  is  done,  no 
interaction  need  follow  in  order  to  perform  the  analysis,  but  following 
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Figure  33. — Typical  Pit  Layout  Interaction  8i  Display. 
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output  of  the  macro  level  report,  the  user  must  simply  respond  with  "yes" 
or  "no"  to  the  query  which  asks  whether  or  not  he  would  like  a line  prin- 
ter listing.  Selection  of  options  2 or  3,  however,  will  result  in  addi- 
tional interaction  between  the  user  and  the  programs. 

Should  option  2 be  elected,  the  second  (engineering  design)  level 
dragline  models  will  be  invoked,  and  the  user  will  interactively  select 
draglines  and  pit  dimensions  for  the  mine  site.  Should  option  3 shown 
in  Figure  34  be  elected,  the  McDonnell-Douglas  dragline  simulater  will 
be  invoked.  Here  the  interaction  scheme  is  slightly  different  than  the 
rest  of  the  programs,  with  the  user  achieving  complete  control  over  the 
simulation.  It  should  be  noted  that  option  3 is  valid  only  following 
the  election  of  options  1 and  2,  since  a dragline  must  have  been  select- 
ed for  simulation.  Also,  simulation  can  presently  be  performed  only  for 
1-  pass  mining  methods.  As  on  all  menus,  entering  of  a 0 as  the  option 
number  will  return  the  user  to  the  next  higher  level  in  the  interaction 
scheme,  in  this  case  to  the  macro  mine  design  level  additional  subsystems 
may  be  initialized. 


SECOND  LEVEL  DRAGLINE  DESIGN  INTERACTION 


The  second  level  dragline  design  begins  with  the  user  providing  in- 
formation by  answering  initialization  queries.  Following  specification 
of  option  2 on  the  dragline  option  menu  (Figure  34) , the  user  is  queried 
a line  at  a time  for  a dragline  stripping  design.  The  first  of  these 
queries  asks  the  user  whether  he  wishes  to  analyze  a single  or  two  pass 
dragline  operation.  The  user  will  respond  to  this  query  by  entering  a 1 
or  a 2 for  the  1 and  2 pass  models  respectively.  Should  a 2 pass  system 
be  elected,  the  user  will  next  be  asked  whether  or  not  a tandum  stripping 
operation  is  desired.  A "yes"  or  "no"  answer  is  expected  to  this  query. 

Assumming  either  the  1 pass  model  has  been  elected,  or  the  previous 
query  has  been  answered,  the  user  will  next  be  asked  to  input  information 
concerning  the  mine  plan  characteristics.  These  include  cut  width  and 
pit  width,  or  the  width  of  the  room  available  for  a spoil  pile  and  bench 
depth.  Also  he  must  respond  to  a question  regarding  whether  the  spoil 
shall  be  placed  at  the  top  of  the  coal  or  not.  If  a single  pass  model 
has  been  specified,  side  bench  depth  may  be  any  positive  value,  but  entry 
of  a value  of  zero  will  indicate  to  the  programs  that  side  benching  is 
not  desired.  With  respect  to  the  query  regarding  whether  or  not  the  spoil 
toe  will  be  at  the  top  of  coal  or  not,  an  answer  of  "yes"  will  indicate 
to  the  models  that  a coal  fender  is  desired. 

Following  entry  of  the  basic  mine  plan  characteristics,  the  user  will 
be  asked  to  enter  dragline  characteristics.  These  include  the  dragline 
purchase  price,  production  rate,  available  annual  operating  hours,  bucket 
size,  and  boom  length.  The  dragline  purchase  price  may  be  entered  as  any 
value  greater  than  or  equal  to  zero,  with  the  value  of  "0"  indicating  that 
there  is  no  constraint  to  be  placed  on  the  purchase  price  of  the  dragline. 
In  this  case,  the  optional  dragline  will  be  selected  should  the  user  elect 
to  optimize  the  design  without  regard  to  purchase  price.  Likewise,  the 
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production  rate  may  be  entered  as  any  value  greater  than  or  equal  to  zero 
with  a value  of  zero  indicating  that  no  constraint  on  production  rate  is 
to  be  included  in  the  optimization.  The  third  query  for  dragline  charac- 
teristics, the  annual  operating  hours,  expects  the  user  to  respond  with 
any  positive  value.  The  operating  hours  thus  far  defined  include  both 
digging  and  walking  time.  Availability  for  dragline  characteristics  may 
become  a request  for  bucket  size  specifications.  The  proper  response 
here  will  be  a value  indicating  the  cubic  yard  bucket  size  for  the  drag- 
line. Should  the  user  specify  a production  rate  and  fix  the  dragline 
operating  hours,  bucket  size  will  not  be  requested  since  it  is  uniquely 
determined  by  these  two  parameters  and  the  time  equations  within  the 
model. 

The  fifth  possible  input  requested  is  the  length  of  the  boom  for 
the  dragline  which  should  be  specified  in  feet.  The  user  is  cautioned 
that,  depending  upon  the  combination  of  purchase  price,  production  rate 
and  operating  hours  specified,  the  request  for  bucket  size  and  boom 
length  may  vary,  since  different  combinations  provide  increasing  amounts 
of  information  to  the  models  for  determining  unknown  parameters.  Follow- 
ing specification  of  the  last  of  the  dragline  characteristics,  there  will 
be  a slight  delay  in  the  interaction  while  the  model  is  evaluated,  fol- 
lowed by  a mode  query. 

This  query  indicates  that  the  computer  expects  the  user  to  select  a 
graphics  mode  for  the  desired  output.  Here  the  proper  responses  will  be 
”0",  1,  2,  or  3.  Table  2 summarizes  the  plot  modes  and  their  interpreta- 
tion, and  Figure  35  illustrates  typical  responses  to  dragline  design 
initialization  queries  for  a single  pass  stripping  operation  with  no 
side  benching  and  no  constraints  placed  on  purchase  price  or  production. 
Entry  of  the  last  initialization  response  by  the  user  will  clear  the  screen 
and  a casting  diagram  will  be  displayed  on  the  screen  and/or  the  plotter 
depending  on  the  plot  mode  selected. 


Table  2.  — Plot  Modes 


MODE 


ACTION 


0 


Normal  (direct,  fast)  Tektronix  CRT  Graph 


1 


Tektronix  CRT  Graph  - save  plot  file 


2 


Plotter  graph  only  (plot  file  saved) 


3 


Tektronix  CRT  and  Plotter  graphing  simultaneously. 
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Once  this  diagram  is  complete,  the  cursor  will  be  moved  to  the  upper 
left  hand  corner  of  the  screen  and  the  user  may  proceed  by  striking  the 
carriage  return  key.  At  this  time,  he  will  be  informed  as  to  the  feasi- 
bility or  the  infeasibility  of  the  design.  Once  again,  following  the 
completion  of  this  output  by  the  computer  the  user  may  proceed  by  strik- 
ing carriage  return  and  he  will  be  presented  with  the  second  level  drag- 
line design  option  menu  shown  in  Figure  34. 


SECOND  LEVEL  DRAGLINE  DESIGN  OPTIONS 

As  shown  in  Figure  36,  the  user  may  at  this  point  choose  to:  (1)  ini- 
tialize a new  plan  or  (2)  optimize  the  plan  using  the  previously  specified 
plan  as  a starting  point.  Alternatively,  he  may  enter  a "0"  which  will 
terminate  the  second  level  dragline  design  and  return  the  user  to  the 
next  higher  level  of  interaction  (see  Figure  31  original  flow  chart) . 

Should  the  user  elect  option  1 shown  in  Figure  36,  the  interaction 
will  follow  that  just  described  for  initialization  of  the  first  plan. 
However,  should  option  2 be  selected,  further  information  must  be  pro- 
vided to  the  computer  through  the  optimization  level  queries.  These 
queries  include  selection  of  an  appropriate  objective  function:  (1)  mini- 
mum time,  or  (2)  minimum  cost  per  ton  of  coal  uncovered.  One  or  the  other 
of  these  objectives  is  selected  by  entering  a 1 or  2 following  the  query. 

Also,  the  user  must  answer  yes/no  queries  regarding  whether  or  not 
pit  design  variables  (pit  width  and  possibly  side  bench  depth)  and,  drag- 
line design  variables  (boom  length  and  bucket  size)  are  to  be  Included 
in  the  optimization  decision  variable  set.  He  may  elect  either  one  or 
both  of  these  subsets  of  decision  variables  for  optimization.  Hence,  he 
may  request  that  the  computer  optimize  dragline  design  for  an  existing 
pit,  or  find  the  optimal  pit  for  an  existing  dragline,  or  both. 

Following  responses  to  these  queries,  the  user  may  next  be  asked 
whether  or  not  he  wishes  to  perform  the  optimization  for  multiple  pit 
width.  This  query  will  be  presented  only  if  two  conditions  are  satisi- 
fied:  (1)  the  user  has  identified  a design  range  during  pit  layout,  or 
the  design  range  residing  in  an  existing  //MINE  file  which  was  elected 
upon  production  analysis  initialization  is  large  enough  to  permit  multiple 
pits,  and  (2)  he  has  selected  the  pit  design  variables  for  inclusion  in 
the  optimization  set.  Once  again  this  is  a yes/no  response  query. 

Finally,  the  user  will  be  asked  to  specify  control  values  for  use  by 
the  optimization  procedure.  Here  he  must  specify  a step  size  for  the 
search  procedure  and  a conversion  criteria  value.  Typically,  he  will  ex- 
periment with  values  to  obtain  the  best  performance  of  the  algorithm.  The 
step  size  regards  the  average  of  variation  in  value  for  the  search  out 
rhythm,  and  Himmelblau  recommends  step  size  of  approximately  20%  of  the 
difference  between  an  upper  and  lower  bond  on  the  decision  variable  set. 
This  20%  rule  works  best  if  applied  to  the  variable  with  the  smallest  range 
of  variability,  probably  bucket  size  or  side  bench  depth.  The  conversion 
criteria  is  easier  to  set,  and  can  be  scaled  to  the  user’s  desire  for  an 
exact  optimum  design.  Values  here  typically  will  range  between  one  and 
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ten,  with  values  less  than  one  used  only  when  one  is  certain  that  he  is 
fairly  close  to  the  optimum  initially. 

Following  entry  of  the  step  size  and  conversion  criteria,  the  user 
can  expect  intermediate  solutions  to  be  output  to  the  line  printer  as  the 
nonlinear  programming  solution  code  moves  toward  the  optimum  design. 

Once  the  final  design  has  been  found,  he  will  be  once  again  asked  to  enter 
a mode  for  graphical  display,  as  the  casting  diagram  will  be  automatically 
drawn  illustrating  the  optimum  design.  The  allowed  values  which  may  be 
entered  in  response  to  the  mode  query  and  their  interpretations  are  sum- 
marized in  Table  2. 

Typical  responses  to  the  optimization  queries  are  illustrated  in 
Figure  37.  Once  the  casting  diagram  has  been  produced,  the  user  will  be 
informed  as  to  the  feasibility  of  the  design,  and  he  may  proceed  as  in 
the  initial  plan  specification,  being  returned  to  the  level  two  design 
options  menu  shown  in  Figure  36.  As  shown  in  Figure  31,  when  the  user 
concludes  the  second  level  design  process  by  entering  a "0"  in  response 
to  the  second  level  dragline  menu,  he  will  again  be  presented  with  the 
dragline  subsystem  general  option  menu  shown  in  Figure  34. 

As  illustrated  in  Figure  31,  each  time  the  user  selects  one  of  the 
three  possible  levels  of  dragline  design  analysis  and  completes  the 
associated  analysis,  he  is  returned  to  the  dragline  subsystem  option 
menu  shown  in  Figure  34.  At  this  point  he  may  select  another  level  for 
design,  or  he  may  enter  a "0".  When  a "0"  response  is  entered,  macro 
reports  are  performed  with  reports  being  output  to  the  CRT.  Following 
each  report,  the  user  must  respond  to  a yes/no  query  to  indicate  whether 
or  not  he  wishes  the  report  to  be  duplicated  on  the  line  printer.  This 
interaction  holds  for  all  subsystems  except  reclamation,  which  may  be 
analyzed  at  any  of  these  levels. 
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SUMMARY  OF  VOLUME  1 1 


SECTION  IV 


Volume  II  of  SEAMPLAN  is  written  for  a user  to  apply  the  system  with- 
out previously  having  selected  or  become  familiar  with  the  modeling  and 
computational  logic  internal  to  it. 

The  narrative  begins  with  a discussion  of  map  digitizing  for  the  data 
entry  and  review  menu  and  is  taken  through  the  first  steps  of  the  query  - 
answer  interactive  format  for  setting  up  a mine  plan.  Not  all  options 
are  discussed  or  presented  in  figures,  but  key  procedures  are  covered  in 
enough  detail  in  examples  for  the  interested  user  to  investigate  every 
option. 

Production  analysis  examples  consist  of  pit  layout  queries  and  drag- 
line designs,  which  can  be  interrogated  in  depth  similar  to  data  entry 
and  review  options. 

Through  the  step-by-step  procedures  the  user  views  mining  sites 
prior  to  mining,  designs  a mining  plan,  and,  by  means  of  computer,  visits 
the  mining  area  during  and  after  operations. 
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